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ABILIFY® (aripiprazole)

INDICATIONS AND USAGE!'

ABILIFY is indicated for:

. Acute and maintenance treatment of Schizophrenia in adults and adolescents 13-17 years of age.

. Acute and maintenance treatment of manic and mixed episodes associated with Bipolar I Disorder with or without psychotic features in adults and pediatrics 10 to 17
years of age.

. Adjunctive therapy to either lithium or valproate for the acute treatment of manic and mixed episodes associated with Bipolar I Disorder with or without psychotic
features in adults and pediatrics 10 to 17 years of age.

. Adjunctive therapy to antidepressants for the acute treatment of Major Depressive Disorder (MDD) in adults.

ABILIFY Injection is indicated for the acute treatment of agitation associated with Schizophrenia or Bipolar Disorder, manic or mixed in adults.
Physicians who elect to use ABILIFY for extended periods should periodically re-evaluate the long-term usefulness of the drug for the individual patient.

MECHANISM OF ACTION**
The mechanism of action of ABILIFY is unknown. It is proposed that the efficacy of ABILIFY is mediated through a combination of partial agonist activity at D, D; and 5-
HT, A receptors and antagonist activity at serotonin 5-HT» receptors.

EFFICACY

Adolescent Schizophrenia (13 to 17 years)

A 6-week, double-blinded, randomized, placebo-controlled trial designed to evaluate the efficacy and safety of oral ABILIFY 10 mg/day or 30 mg/day in adolescents (13-17

years old) with schizophrenia *°.

. Patients treated with ABILIFY demonstrated significant improvement compared to placebo on the primary endpoint, mean change in PANSS Total score from
baseline to endpoint (Week 6, LOCF).

. Both doses of ABILIFY also demonstrated significant improvement compared to placebo on the following secondary efficacy measures: PANSS Positive subscale,
CGI-I scale, CGI-S scale, CGAS scale, time to all-cause discontinuation, and P-QLES-Q Overall item.

. Patients treated with aripiprazole 10 mg had reported significant improvements on the PANSS Negative Subscale score at Week 6 compared to placebo.

. ABILIFY treatment was generally safe and well-tolerated. The majority of adverse reactions due to ABILIFY were considered mild to moderate in severity.

. ABILIFY 30 mg treatment was associated with higher incidences of adverse reactions relative to ABILIFY 10 mg treatment. There were 3 common adverse reactions
which also appeared to have a possible dose response relationship: extrapyramidal disorder, somnolence and tremor.

. Incidence of a clinically significant increase in body weight (>7% increase) among patients treated with ABILIFY was 4% in the 10 mg group and 5.2% in the 30 mg
group compared to 1% in the placebo group.

. No significant change was observed between ABILIFY and placebo on AIMS or BARS. Patients in the aripiprazole groups showed worsening from baseline on SAS
with a significant difference between aripiprazole and placebo (aripiprazole 10 mg: 0.5; aripiprazole 30 mg: 0.3; placebo: -0.3; P<0.05; LOCF).

Adjunctive Therapy to Antidepressants for the Acute Treatment of Major Depressive Disorder (MDD) in Adults

Three double-blind, randomized, placebo-controlled studies in adults to evaluate the efficacy and safety of ABILIFY vs. placebo as adjunctive treatment to standard

antidepresgsant therapy (ADT) in patients with MDD who showed an inadequate response with one to three standard antidepressants. This study consisted of the following

phases 7%

e A 7to 28-day screening phase

. An 8-week single-blind, prospective treatment phase: patients received single-blind adjunctive placebo, in combination with one of the following antidepressants
(target dose): escitalopram (10 or 20 mg/d), fluoxetine (20 or 40 mg/d), paroxetine controlled release (CR, 37.5 or 50 mg/d), sertraline (100 or 150 mg/d) or
venlafaxine extended release (XR,150 or 225 mg/d). Patients who showed an incomplete response during this phase, defined as <50% reduction in the Hamilton
Rating Scale for Depression (HAM-D-17), a final HAM-D-17 total score of >14 or Clinical Global Impression - Improvement (CGI-I) score of >3, then entered the
double-blind treatment phase.

e A 6-week randomized, double-blind treatment phase: patients continued existing antidepressant therapy and were randomized to adjunctive ABILIFY 2 to 20 mg/d or
adjunctive placebo. ABILIFY was started at 5 mg/d and increased by 5 mg each week depending on efficacy and tolerability. The maximum ABILIFY dose was 15
mg/d in patients treated with fluoxetine or paroxetine CR. The target ABILIFY dose was 10 mg/d.

The primary efficacy endpoint was mean change in the Montgomery-Asberg Depression Rating Scale (MADRS) from end of the prospective treatment phase to the end of
the double-blind treatment phase. Secondary endpoints included change from end of prospective treatment phase to end of double-blind treatment phase on the following
measures: Sheehan Disability Scale (SDS), CGI-I, CGI-Severity (CGI-S), remission (defined as MADRS total score <10 and >50% reduction in MADRS total score) and
response (defined as >50% decrease in MADRS total score).

Results from Trial 1(Berman et al) *

. Of 781 patients who entered the prospective treatment phase, 362 were randomized to receive adjunctive ABILIFY (n=184) or adjunctive placebo (n=178).

. The rate of treatment discontinuation among patients who received adjunctive placebo and adjunctive ABILIFY was similar (aripiprazole 12.1%, placebo 9.1%).

e  The most common reasons for discontinuation, for adjunctive ABILIFY and adjunctive placebo groups, respectively, were adverse reactions (3.3%, 2.3%), withdrawal
of consent (2.7%, 2.3%) and loss to follow-up (2.7%, 1.1%).

e  The mean change in MADRS total score was significantly greater in patients receiving adjunctive ABILIFY compared to adjunctive placebo from Week 2 until
endpoint (-8.8 vs. -5.8, P<0.001).

e  Remission rates were significantly greater in patients receiving adjunctive ABILIFY compared to patients receiving adjunctive placebo from Week 3 (18.8% vs. 8.7%,
P=0.006) through endpoint (26% vs. 15.7%, P=0.011), providing a number needed-to-treat for remission of 10.

e Adjunctive ABILIFY also produced significantly greater response rates compared with adjunctive placebo from Week 1 (6.2% vs. 1.8%, P=0.025) through endpoint
(33.7% vs. 23.8%; P=0.027).

. The mean change in SDS total scores showed a non-significant trend towards greater improvement in impairment among patients treated with adjunctive ABILIFY
compared to patients treated with adjunctive placebo.

. On the SDS scale, significant differences in favor of adjunctive ABILIFY were observed on 2 of 3 domains: family/home responsibilities (P<0.05) and social activities
(P<0.05).

. Mean CGI-S and CGI-I scores were significantly improved with adjunctive ABILIFY compared to adjunctive placebo at endpoint (CGI-S, P<0.001; CGI-I, P=0.003).

e Adverse reactions occurring in > 10% of patients receiving either placebo or ABILIFY included akathisia (4.5% vs. 23.1%), headache (10.8% vs. 6.0%), and
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1.Product Information

1.1. Product Description

1.1.1 Product Overview

MIRAPEX" (pramipexole dihydrochloride) is a dopamine agonist
classified under Miscellaneous Central Nervous System Agents (28:92:00)
by the American Hospital Formulary Service (AHFS).! It is one of the
“newer” nonergot-derived dopamine agonists, which typically avoid the
serious retroperitoneal, pulmonary and valvulopathy adverse events more
commonly associated with the older, ergot-derived agents.*” It is
approved by the FDA for the treatment of the signs and symptoms of
idiopathic Parkinson’s disease (PD) and for the treatment of moderate-to-
severe primary Restless Leg Syndrome (RLS).’

The dosage forms, national drug code, and average wholesale price
(AWP) of pramipexole and the other nonergot dopamine agonist in its
class—Requip” (ropinirole hydrochloride)—are summarized in Table 1.°
The daily-weighted average cost of Mirapex® was lower than that of
Requip” (Table 7 in Section 3).

Table 1 Dosage Forms, National Drug Code (NDC) Numbers, and Prices for Mirapex® and

Product Information

Requip® " °
Mirapex® Requip®
Package AWP Package AWP
Strength size NDC Strength size NDC

0.125mg 90 0597-0183-90 $193.65 0.25 mg 100 00007-4890-20 $223.69
0.5mg 100 00007-4891-20 $223.69

0.25 mg 90 0597-0184-90 $193.79
1mg 100 00007-4892-20 $223.69
2mg 100 00007-4893-20 $223.69

0.5mg 90 0597-0185-90 $232.44
3mg 100 00007-4895-20 $267.30
1mg 90 0597-0190-90 $232.44 4mg 100 00007-4896-20 $267.30
1.5mg 90 0597-0191-90 $232.44 5mg 100 00007-4894-20 $267.30

*April 2007 prices published by First DataBank through Analy$ource®
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Other Potential Uses of Mirapex®

Mirapex has also been studied for the treatment of patients with
fibromyalgia and for the treatment of patients with depression.”

1.1.2 Pharmacology

Pramipexole is a nonergot dopamine agonist with high relative in vitro
specificity and full intrinsic activity at the D2 subfamily of dopamine
receptors, binding with higher affinity to D3 than to D2 or D4 receptor
subtypes.

Parkinson’s Disease: The precise mechanism of action of pramipexole as
a treatment for PD is unknown, although electrophysiological studies in
animals have demonstrated that pramipexole stimulates dopamine
receptors in the striatum. The relevance of D3 receptor binding in PD is
unknown.’

Restless Legs Syndrome: The precise mechanism of action of
pramipexole as a treatment for Restless Legs Syndrome (RLS) is unknown
although neuropharmacological evidence suggests primary dopaminergic
system involvement. Positron Emission Tomographic (PET) studies
suggest that a mild striatal presynaptic dopaminergic dysfunction may be
involved in the pathogenesis of RLS.>

1.1.3 Pharmacokinetics

Pramipexole displays linear pharmacokinetics over the clinical dosage
range. Its terminal half-life is about 8 hours in young healthy adult
volunteers and about 12 hours in elderly volunteers. Steady-state
concentrations are achieved within 2 days of dosing. Table 2 illustrates the
pharmacokinetic profiles of pramipexole and ropinirole.

e Absorption: Pramipexole is rapidly absorbed, reaching peak
concentrations in approximately 2 hours with an absolute
bioavailability of greater than 90%. Food does not affect the extent
of absorption, although the time of maximum plasma concentration
(Tmax) is increased by about 1 hour when the drug is taken with a
meal.

e Distribution: Pramipexole is extensively distributed, having a
volume of distribution of about 500 L (coefficient of variation
[CV] = 20%). Approximately 15% of systemic pramipexole is
bound to plasma proteins.

e Metabolism and elimination: Urinary excretion is the major route
of elimination; 90% of a pramipexole dose is recovered in the
urine, almost all as unchanged drug. The renal clearance of
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pramipexole is approximately 400 mL/min (CV = 25%),
approximately 3 times higher than the glomerular filtration rate.
The clearance of pramipexole was about 75% lower in patients
with severe renal impairment (creatinine clearance approximately
20 mL/min) and about 60% lower in patients with moderate
impairment (creatinine clearance approximately 40 mL/min)
compared with healthy volunteers.’” Pramipexole clearance is
extremely low in dialysis patients, as a negligible amount is
cleared by dialysis. It is not appreciably metabolized by
cytochrome P450 enzymes as most (approximately 90% of dose) is
recovered in urine and almost all as unchanged drug.

Table 2 Select Pharmacokinetic Parameters of Non-Ergot Dopamine Receptor
Agonists* *°

Drug Absolute Protein Half-life (hours)  Clearance P450 metabolism
bioavail- Binding (mL/min)
ability (%) (%)
Mirapex® >90 15 8(12**) 400mL/min Not appreciably

metabolized by CYP P450;
~90% of dose is recovered
in urine and almost all as
unchanged drug
Requip® 55 30-40 6 783mL/min  Extensive (CYP1A2); 1% to
2% excreted unchanged

*Drug Facts and Comparisons®. 2004. Page 1270.
**In elderly patients >65 years of age

Contraindications

Like all dopamine agonists, pramipexole is contraindicated in patients who
have demonstrated hypersensitivity to the drug or its ingredients.

Warnings (Please also see the enclosed MIRAPEX Package Insert)

e Falling Asleep during Activities of Daily Living: Patients treated
with pramipexole dihydrochloride have reported falling asleep
while engaged in activities of daily living including the operation
of motor vehicles, which sometimes resulted in accidents.
Somnolence is a common occurrence in patients receiving
MIRAPEX tablets at doses above 1.5mg/day for Parkinson’s
disease. In controlled clinical trials in RLS, patients treated with
MIRAPEX tablets at doses of 0.25-0.75mg once a day, the
incidence of somnolence was 6% compared to an incidence of 3%
for placebo-treated patients. Before initiating therapy with
MIRAPEX tablets, patients should be advised of the potential to
develop drowsiness and specifically asked about factors that may
increase the risk such as concomitant sedating medications, the
presence of sleep disorders, and concomitant medications that
increase pramipexole plasma levels. If a patient develops
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significant daytime sleepiness or episodes of falling asleep during
activities that require active participation, MIRAPEX tablets
should ordinarily be discontinued. If a decision is made to continue
MIRAPEX tablets, patients should be advised to not drive and to
avoid other potentially dangerous activities. While dose reduction
clearly reduces the degree of somnolence, there is insufficient
information to establish that dose reduction will eliminate episodes
of falling asleep while engaged in activities of daily living.’

e Symptomatic Hypotension: Dopamine agonists, in general, appear
to impair the systemic regulation of blood pressure, with resulting
orthostatic hypotension especially during dose escalation.
Parkinson’s disease patients in addition, appear to have an
impaired capacity to respond to an orthostatic challenge. For these
reasons, Parkinson’s disease patients being treated with dopamine
agonists ordinarily require careful monitoring for signs and
symptoms of orthostatic hypotension especially during dose
escalation, and should be informed of this risk. However, despite
clear orthostatic effects in normal volunteers, in clinical trials the
reported incidence of clinically significant orthostatic hypotension
was not greater among those assigned to pramipexole than among
those assigned to placebo. This result is clearly unexpected in light
of the previous experience with the risks of dopamine agonist
therapy. While this finding could reflect a unique property of
pramipexole, it might also be explained by the conditions of the
study and the nature of the population enrolled in the clinical trials.
Patients were carefully titrated, and patients with active
cardiovascular disease or significant orthostatic hypotension at
baseline were excluded. Also, clinical trials in patients with RLS
did not incorporate orthostatic challenges with intensive blood
pressure monitoring done in close temporal proximity to dosing. °

e Hallucinations: Hallucinations were observed in a greater number
of patients receiving pramipexole than placebo. In the 3 double-
blind, placebo-controlled trials in early PD, and the 4 double-blind,
placebo-controlled trials in advanced PD, hallucinations were of
sufficient severity to cause discontinuation of treatment in 3.1% of
the early PD patients and 2.7% of the advanced PD patients
compared with approximately 0.4% of placebo patients in both
populations. Age appears to increase the risk of hallucinations
attributable to pramipexole. In the RLS clinical program, one
pramipexole-treated patient (of 889) reported hallucinations; this
patient discontinued treatment and the symptoms resolved.’
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1.1.6 Precautions

e Renal: Since pramipexole is eliminated through the kidneys,
caution should be exercised when prescribing it to patients with
renal insufficiency. (see Dosage and Administration)

e Dyskinesia: Pramipexole may potentiate the dopaminergic adverse
events of levodopa/carbidopa and may cause or exacerbate
preexisting dyskinesia. Decreasing the dose of levodopa/carbidopa
may ameliorate this adverse event.’

e Pregnancy: Pramipexole is in the FDA pregnancy category C.

1.1.7 Drug Interactions (See the enclosed Mirapex Package Insert for
additional information)

Drug-Drug Interactions: Pramipexole caused an increase in
levodopa/carbidopa Cmax by approximately 40% and a decrease in Tmax
from 2.5 to 0.5 hours. Since pramipexole is a dopamine agonist, it is
possible that dopamine antagonists such as the neuroleptics
(phenothiazines, butyrophenones, thioxanthenes) or metoclopramide may
diminish the effectiveness of pramipexole.

Food-Drug Interactions: Food does not affect the extent of pramipexole
absorption, although the time of maximum plasma concentration (Tmax)
is increased by about 1 hour when the drug is taken with a meal.

1.1.8 Adverse Events

Given the differential risks for patients with early PD, advanced PD, and
RLS, the adverse event data is presented separately for these 3
populations.

Early PD

In the 3 double-blind, placebo-controlled trials of patients with early
Parkinson's disease, the most commonly observed adverse events (>5%)
that were numerically more frequent in the group treated with pramipexole
were nausea, dizziness, somnolence, insomnia, constipation, asthenia, and
hallucinations.'" Approximately 12% of 388 patients treated with
pramipexole discontinued treatment due to adverse events compared with
11% of 235 patients who received placebo. The package insert provides
additional details on treatment-emergent adverse events in these trials.’

Advanced PD

In the 4 double-blind, placebo-controlled trials of patients with advanced
PD, the most commonly observed adverse events (>5%) that were
numerically more frequent in the group treated with pramipexole and
concomitant levodopa/carbidopa were postural (orthostatic) hypotension,
dyskinesia, extra pyramidal syndrome, insomnia, dizziness, hallucinations,
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accidental injury, dream abnormalities, confusion, constipation, asthenia,
somnolence, dystonia, gait abnormality, hypertonia, dry mouth, amnesia,
and urinary frequency.'*"'®

Approximately 12% of 260 patients with advanced PD who received
pramipexole and concomitant levodopa/carbidopa discontinued treatment
due to adverse events compared with 16% of 264 patients who received
placebo and concomitant levodopa/carbidopa. The package insert provides
additional details on treatment-emergent adverse events in these trials.’

RLS

MIRAPEX tablets for the treatment of RLS have been evaluated for safety
in 889 patients, including 427 treated for over six months and 75 for over
one year. The overall safety assessment focuses on the results of 3 double-
blind, placebo-controlled trials, in which 575 patients with RLS were
treated with MIRAPEX tablets for up to 12 weeks. The most commonly
observed adverse events in the treatment of RLS (observed in > 5% of
pramipexole-treated patients and at a rate at least twice that observed in
placebo-treated patients) were nausea and somnolence. Occurrences of
nausea and somnolence in clinical trials were generally mild and transient.

Approximately 7% of 575 patients treated with MIRAPEX tablets during
the double-blind periods of the 3 placebo-controlled trials discontinued
treatment due to adverse events compared to 5% of 223 patients who
received placebo. The adverse event most commonly causing
discontinuation of the treatment was nausea (1%). The package insert
provicsles additional details on treatment-emergent adverse events in these
trials.

Post-Marketing Experience

In addition to the adverse events reported during clinical trials, the
following adverse reactions have been identified during post-approval use
of MIRAPEX tablets, primarily in Parkinson’s disease patients. Because
these reactions are reported voluntarily from a population of uncertain
size, it is not always possible to reliably estimate their frequency or
establish a causal relationship to drug exposure. Decisions to include
these reactions in labeling are typically based on one or more of the
following factors: (1) seriousness of the reaction, (2) frequency of
reporting, or (3) strength of causal connection to pramipexole tablets.
Similar types of events were grouped into a smaller number of
standardized categories using the MedDRA dictionary: abnormal
behavior, abnormal dreams, accidents (including fall), blackouts, fatigue,
hallucinations (all kinds), headache, hypotension (including postural
hypotension), increased eating (including binge eating, compulsive eating,
and hyperphagia), libido disorders (including increased and decreased
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libido, and hypersexuality), pathological gambling, syncope, and weight
increase.

Dosage and Administration
Dosing in PD Patients with Normal Renal Function

In all clinical studies, dosage was initiated at a subtherapeutic level to
avoid intolerable adverse events and orthostatic hypotension. Pramipexole
should be titrated gradually in all patients. The dosage should be increased
to achieve a maximum therapeutic effect, balanced against the principal
adverse events of dyskinesia, hallucinations, somnolence, and dry mouth.’

Initial Treatment: Dosages should be increased gradually from a starting
dose of 0.375 mg/day given in 3 divided doses and should not be increased
more frequently than every 5 to 7 days (Table 3).

Table 3 Ascending Dosage Schedule of Pramipexole
Week  Dosage (mg) Total Daily Dose (mg)

1 0.125 tid 0.375
2 0.25 tid 0.75
3 0.5 tid 1.50
4 0.75 tid 2.25
5 1.0 tid 3.0

6 1.25 tid 3.75
7 1.5 tid 4.50

Maintenance Treatment: Pramipexole is effective and well tolerated over
a dosage range of 1.5 to 4.5 mg/day administered in equally divided doses
3 times per day with or without concomitant levodopa/carbidopa
(approximately 800 mg/day of levodopa).

Dosing in PD Patients with Renal Impairment
The dosing schedule for various degrees of renal impairment is presented
in Table 4.

Table 4 Pramipexole Dosage in the Renally Impaired

Renal Status Starting Dose Maximum Dose (mg)
(mg)

Normal to mild impairment (creatinine Cl >60 mL/min) 0.125 tid 1.5 tid

Moderate impairment (creatinine CI = 35 to 59 mL/min) 0.125 bid 1.5 bid

Severe impairment (creatinine Cl = 15 to 34 mL/min) 0.125qd 1.5qd

Very severe impairment(creatinine Cl <15 mL/min The use of pramipexole has not been

and hemodialysis patients) adequately studied in this group of patients.
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Dosing in RLS Patients with Normal Renal Function

The recommended starting doses of MIRAPEX tablets is 0.125mg taken
once daily 2-3 hours before bedtime. For patients requiring additional
symptomatic relief, the dose may be increased by 0.125mg daily every 4
to 7 days. Although the dose of MIRAPEX tablets was increased to
0.75mg in some patients during long-term open-label treatment, there is no
evidence that the 0.75mg dose provides additional benefit beyond the
0.5mg dose. °

Dosing in RLS Patients with Renal Impairment

The duration between titration steps should be increased to 14 days in RLS
patients with severe and moderate renal impairment (creatinine clearance
20-60mL/min) (see Clinical Pharmacology, Renal Insufficiency in
package insert) >

1.2. Place of Mirapex® in Therapy

PD is a chronic, progressive, degenerative condition of the central nervous
system, resulting from an impairment of dopamine-producing brain cells. The
disease affects 100 to 200 per 100,000 people in North America.'” Its
prevalence is growing as the population continues to age and as patients live
longer due to better therapy.'®

PD is characterized by symptoms such as resting tremor, muscle rigidity,
bradykinesia, and postural reflex impairment.'® Patients usually experience one
or two of these symptoms, which progressively worsen. The actual triggers and
precise etiology of PD is still unknown, although, in recent years, certain
environmental and genetic risk factors have been identified as potential
causzelsz.zlg’20 Generally, the average age of onset of PD is in the late 50s to early
60s.”"

In addition to the characteristic motor symptoms, PD patients also exhibit
several non-motor features including depression, dementia, anxiety, psychosis,
sleep disturbances, autonomic disturbance, sexual dysfunction and apathy.
Depression, which strongly influences a patient’s quality of life, is common in
PD patients and its prevalence ranges from 11% to 44%. > Dementia- a
syndrome of global decline of intellect, memory and personality, is reported in
approximately 20%-44% of patients and is more common in patients with late
onset disease (after 65 years of age).”* Anxiety, which affects nearly a third of
the PD patients, can be a part of depression and manifests as panic attacks,
phobia, and/or as generalized anxiety disorder.”>*> Psychosis is also common in
PD patients and results in poor quality of life for patient and caregiver, early
institutionalization and increased mortality.*

Pharmacological treatment has been shown to improve clinical outcome in PD
patients. Levodopa/carbidopa (Sinemet®) is commonly used to replace the lack

10



Mirapex® Formulary Submission Dossier
Boehringer Ingelheim Pharmaceuticals, Inc. Product Information

of dopamine within the substantia nigra. Many patients require
levodopa/carbidopa therapy for 10-20 years and sometimes even longer. A
major disadvantage of levodopa/carbidopa is that it loses its effectiveness over
time.”® In addition, long-term use of levodopa/carbidopa is associated with
serious motor response complications.”® To reduce these complications and
delay dependence on levodopa/carbidopa, medical practitioners are increasingly
using nonergot-derived dopamine agonists. The use of “newer,” nonergot-
derived agents such as pramipexole and ropinirole is more common, as they
typically avoid the serious retroperitoneal and pulmonary adverse events more
commonly associated with the older, ergot-derived agents.”” Pramipexole has a
longer half-life than other available nonergot dopamine agonists in the United
States and is not extensively metabolized through the liver.

The effectiveness of pramipexole has been demonstrated in randomized
controlled trials in patients with early and advanced PD. In early PD, fewer
patients developed motor complications when initiated on pramipexole over
those on levodopa.”® Thus, pramipexole is commonly used as monotherapy
during the early stages of PD as part of a levodopa/carbidopa-sparing strategy
and is later used in combination with levodopa/carbidopa to allow for lower
doses of levodopa/carbidopa and longer “on” periods. '>!¢%%

The multinational drug development program for pramipexole consisted of four
pivotal phase III studies — two in early PD: Shannon et al (1997), and
Parkinson’s Study Group (1997); and two in advanced PD: Lieberman et al
(1997) and Guttman et al (1997).'"'%!>! These trials demonstrated
improvements in several domains of the Unified PD Rating Scale (UPDRS),
which evaluates mentation, ADL, motor function, complications, clinician
global assessment, and patient global assessment. Sections 1.2.1 and 1.2.2
summarize the major benefits of pramipexole in the treatment of PD.

RLS is a neurological disorder characterized by unpleasant sensations in the
legs and an irresistible urge to move the legs to relieve the discomfort. RLS can
lead to profound disruption of sleep and associated daytime drowsiness, fatigue,
and disruption of normal functioning and quality of life.”'

The diagnostic criteria for RLS were updated in 2003 following a National
Institute of Health (NIH) sponsored workshop.”*'** The criteria were rephrased
to incorporate new scientific findings and to better reflect the working
interpretation of symptoms. Supportive criteria (e.g. family history, dopamine
responsiveness, periodic leg movements or PLMs’>'>) are not required for
diagnosis but help to “resolve diagnostic uncertainty”. Associated features were
also outlined to highlight many significant clinical features of RLS (course,
sleep disturbance, physical examination) but again, are not required for
diagnosis. In addition, new diagnostic criteria were developed for cognitively
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impaired elderly and children, and criteria were developed for augmentation, a
common adverse event of pharmacologic therapies. In sum, these diagnostic

criteria included in Table 5 remain the international standard for the diagnosis
of RLS’".

Table 5 Diagnostic Criteria for Restless Legs Syndrome™!

Diagnostic features (required)

1. An urge to move the legs usually accompanied or caused by uncomfortable and unpleasant
sensations in the legs.

2. The urge to move or unpleasant sensations begin or worsen during periods of rest or inactivity,
such as lying or sitting.

3. The urge to move or unpleasant sensations are partially or totally relieved by movement, such as
walking or stretching.

4. The urge to move or unpleasant sensations are worse in the evening or night than during the day or
only occur in the evening or night.

Supportive clinical features

= Positive family history
= Positive response to dopaminergic therapy
= Presence of periodic limb movements (PLMs) during wakefulness or sleep

Associated clinical features

= Variable clinical course, waxing and waning in mild forms or chronic and progressive in
moderate to severe forms

= Sleep disturbance and its related daytime tiredness and fatigue

= Normal physical examination in primary and familial forms

12

Polysomnography (laboratory sleep study) recordings of PLMs have
traditionally been used as an objective measure of RLS severity. PLMs occur in
more than 80% of people with RLS. PLMs are also significantly associated with
worsening of RLS symptoms. Typically, the number of PLMs per hour (PLM
index) and the number of PLM associated arousals per hour (PLM arousal
index) are collected. A PLM arousal index > 5 is considered abnormal. While
recording PLMs provides an objective measure of sleep disruption, it is not a
reliable measure for all RLS patients. Not all RLS patients have PLMs and not
all patients experience sleep disruption (with or without PLMs).

The IRLS was developed by the International RLS Study Group to provide a
quantitative measure of RLS symptoms and their impact on quality of life. It is
not intended to be a diagnostic instrument but instead to measure RLS severity
after a diagnosis is made. The IRLS is a 10-item questionnaire completed by
the patient or through clinician interview with a patient. Each item is rated for
severity, by the patient, on a five-point scale: none (0 points) to very severe (4
points). Scores are totaled and RLS severity is categorized as none (0 points),
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mild (1-10 points), moderate (11-20 points), severe (21-30 points), very severe
(31-40 points). The IRLS has been found to have high internal consistency
(r=0.93, p<0.001) and test-retest reliability (r=0.87, p<0.0001).* The IRLS was
found to be significantly correlated with the Clinical Global Impressions Scale
(CGI: r=0.74, p<0.001) and to successfully discriminate RLS patients from
normal controls.”> In addition, the IRLS exhibited excellent item response
characteristics. The IRLS has become the most frequently use RLS severity
instrument in research studies.

Although the cause of RLS is still under investigation, several important
developments in understanding the mechanisms involved in RLS have been
made. The high incidence of RLS in family members (approximately 50%) and
the high concordance in identical twins (83%) suggests RLS has a genetic
cause.’®’ The prevailing theory is that individuals who develop RLS have a
genetic predisposition for the disorder that is triggered or initiated by an
environmental or physical condition, such as pregnancy, iron deficiency, or

other condition.>®*’

Drugs that increase dopamine activity in the brain (dopamine precursors and
receptor agonists) have been found to be effective in treating the symptoms of
RLS.”¥

RLS is also commonly associated with iron-deficiency.*” Concentrations of
ferritin are reduced and transferrin increased in RLS patients, which suggest low

brain iron content.*' ™

RLS can start at any age, although in about one-third of patients RLS starts
before 20 years of age. Peak onset is in middle age. In more than 60% of
patients, symptoms worsen over time while for others symptoms may remain
stable.’! Less than 15% of patients experience spontaneous remission.
According to recent reports prevalence of RLS in adults and elderly ranges from
5% to 15%. The Medical Advisory Board of the Restless Legs Syndrome
Foundation recommends dopamine agonists as the drugs of choice for daily
restless legs syndrome* (See Figure 1) The nonergot agonists such as
pramipexole and ropinirole are generally preferred to the ergot agonists such as
pergolide because of their more favorable adverse effect profile. Pramipexole
has been studied in 4 randomized, double-blind, placebo-controlled trials

involving a total of approximately 1000 adult RLS patients.***
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Figure 1 Algorithm for the Management of DAILY RLS*

MNonpharmacokogical Low-patency Dipa mine “ists - .
therapy opicids & B Gabapentin

| k! |

Nonpharmacological therapies include treating any underlying disorders. In
some cases treatment of an associated condition (e.g. renal disease, iron
deficiency) can alleviate symptoms and therefore should be tried first.

A number of studies, many of them placebo-controlled but with small sample
sizes, have confirmed the efficacy of levodopa, particularly in combination with
a carboxylase inhibitor.”® Levodopa improves patient reported symptoms of
RLS.” In contrast to dopamine agonists, however, levodopa does not have a
significant impact on sleep efficiency and subjective sleep quality.”’

Ergot derived dopamine agonists such as bromocriptine or pergolide have been
studied and shown to be effective in RLS. Bromocriptine is not well tolerated
by patients due to nausea and hypotension. Augmentation occurs in a moderate
proportion of patients taking pergolide (approximately 15 to 25% of patients).*’

Anticonvulsants like gabapentin and carbamazepine have been studied for RLS.
The toxicities associated with carbamazepine limit its use. Gabapentin has been
evaluated in small placebo-controlled trials. Although study results demonstrate
a reduction of PLMs and RLS severity, the use of gabapentin is limited because
of its tendency to produce daytime sleepiness, fatigue and ist short duration of
action necessitating more frequent dosing.

Benzodiazepines and opiods have been used for many years for RLS, except for
a few rare cases are considered second-line therapy.

The clinical development of pramipexole for RLS included four registration
studies: two studies with a fixed-dose design and two studies with a flexible-
dose design. The duration of the double-blind phase of the trials ranged from 3
weeks to 12 weeks and involved approximately 1000 patients with moderate-to-
severe primary RLS. Three of the studies had extension phases ranging from 26
to 46 weeks. The pramipexole doses studied ranged from 0.125mg to 0.75mg
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per day. Section 1.2.3 summarizes the major benefits of pramipexole in the
treatment of RLS.**

1.2.1 Pramipexole as Initial Therapy (without concomitant
levodopa/carbidopa):

In a multicenter, parallel group, double-blind, randomized controlled 4-
year trial involving 301 patients with early PD, initial treatment with
pramipexole resulted in significantly lower rates of dopaminergic
complications  (wearing-off, or  dyskinesias) compared  with
levodopa/carbidopa (p<0.03).* In addition, a recently concluded imaging
study showed that patients initially treated with pramipexole had a
significantly slower rate of decline in striatal B-CIT uptake versus patients
initially treated with levodopa/carbidopa.’*>® The mean percentage loss
from Dbaseline of striatal B-CIT uptake in pramipexole vs
levodopa/carbidopa groups was 16.0% vs 25.5% at 46 months (P =
0.01).”*>® A key therapeutic issue is whether the effects of pramipexole
and levodopa on the rate of loss of B-CIT uptake are associated with a
persistent change in clinical function in patients with PD. In several cross-
sectional studies of PD cohorts, the reduction in B-CIT correlates with the
increasing severity measured by the UPDRS. However, in prior
longitudinal studies, there has been no clear correlation between change in
B-CIT uptake and the change in UPDRS score.”*™

1.2.2 Pramipexole as Adjunct Therapy to Levodopa/Carbidopa

When administered concomitantly or as an adjunct to levodopa/carbidopa,
pramipexole enhances patient functioning, increases “on” time (time when
Parkinson’s symptoms are adequately controlled) and decreases “off” time
(time when Parkinson’s symptoms are not adequately controlled),'
reduces tremor,”* and reduces the daily levodopa dosage.”’ In a 12-week
multicenter, double-blind, randomized, placebo-controlled trial (N = 84),
patients taking pramipexole experienced a mean decrease in total tremor
score of 5.8 compared to 1.5 in those taking placebo (P<.0001).>* Pinter et
al (2000), in a 12-week multicenter trial involving 90 advanced PD
patients, found a mean reduction of 219.1 mg in adjusted
levodopa/carbidopa dose after pramipexole use.”’

1.2.3 Restless Legs Syndrome

A 3-week study monitoring periodic limb movements during the time in
bed (PLMI) using polysomnography found median reductions ranged from
-26.55 to -52.70, compared to placebo (-3.00) at fixed pramipexole doses
of 0.125mg to 0.75mg (p< 0.001).* Improvements in the severity of RLS
symptoms was evaluated using the International Restless Legs Severity
Scale (IRLS) in the double-blind phases of three of the studies.
Pramipexole significantly reduced the severity of symptoms in all three of
the studies with a mean change in IRLS score from baseline ranging from
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-11.87 to -17.01 compared to those who received placebo who ranged
from -6.08 to -9.3 (p< 0.01 for all comparisons).**” In a 6-week European
study and a 12-week U.S. study, the proportion of CGI responders
(patients who were deemed to be “improved” or “much improved” on the
clinician-rated Clinical Global Impression Improvement scale) was
significantly greater among the pramipexole-treated patients compared to
placebo (62.9 to 72% compared to 32.5 to 51.2% respectively; p<
0.0005).%647
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